We have been concerned with the consequences of expressing the patient's performance as a percentage of normal function. The problem arises in the definition of normal function. Researchers have considered both young adult control groups (e.g. [S] ) and control groups more closely matched to patients (e.g. [5] ). The primary advantage of using a young adult normal control group is that it is relatively easy to recruit such subjects for evaluation, especially when the research is conducted in a university environment. The major disadvantage is that such a control group may distort the results of a clinical trial. For example, the performance level of an elderly control group may be 75 per cent that of a group of young adults. Although elderly patients in a therapeutic trial may have improved from 40 to 70 per cent of the normal function of young adults, they in fact have improved from 54 to 94 per cent of the normal function for their age group. Obviously, different conclusions might be reached with regard to the efficacy of the therapy depending upon which normal group is used as the control group.
It appears that a matched control group is superior to a young adult control group. However, there are some important disadvantages to using a matched control group. It is difficult to define what constitutes a good match; to obtain volunteers for evaluation, especially males from 25 to 65 yr of age; and to find truly asymptomatic volunteers, especially volunteers over 45 yr of age.
Age effects appear to be a most important criterion for matching patients to normal controls. However, an evaluation of theeffects of age on performance in a large, diversified battery of tests like the QENF has not been reported. Botwinick [9] has recently reviewed the literature on the psychology of aging from 1963 to 1968. His bibliographical search disclosed nearly 2000 references. No attempt will be made here to review this literature. A brief review of age effects and their relationship to the QENF has been made [3] .
In the present study, the effects of age on performance are limited to an investigation of all the QENF tests using three normal control groups: a young adult normal subject group, a group matched to multiple sclerosis patients and a group matched to parkinsonian patients. The performance of each matched control group and each patient group ( a parkinsonian group and a multiple sclerosis group) is normalized to the performance of the young adult normal group. In addition, the performance of each patient group is normalized to that of its matched control group. From these results the relative effects of using different types of control groups in the QENF are assessed.
METHODS
Twenty asymptomatic right-handed male and twenty asymptomatic right-handed female University of Michigan undergraduate students, 18-21 yr of age (mean= 19.5 yr, standard deviation= 1.1 yr), volunteered to participate in the study. In addition, 5 male and 5 female patients having multiple sclerosis (age: mean=35.1 yr, standard deviation=7.9 yr) and their normal spouses (age: mean=37.0 yr, standard deviation= 7.2 yr), 5 male and 5 female parkinsonian patients (age: mean=65.6 yr, standard deviation=6.2 yr) and their normal spouses (age: mean=60.9 yr, standard deviation = 10.8 yr) were asked by their neurologist to perform as subjects in these experiments. All subjects were told that their assistance would help our medical research program.
The selection process of patients was based on the following criteria: (1) patients must be right-handed ; (2) patients must have a tremor characterized as slight, mild, or moderate in at least one upper extremity; (3) however poorly, the patients must be able to drink from a glass, use a fork, cut meat, button a garment when the buttons are visible and write; (4) multiple sclerosis patients must be 25-45 yr of age and parkinsonian patients must be 50-75 yr of age; and (5) parkinsonian patients must be able to walk 10 steps with assistance and, as often as possible, the multiple sclerosis patients must also be able to meet this requirement. Requirements for selecting older normal subjects were that they be in the same age range as their afflicted spouses, that they be neurologically and physically normal and right-handed.
Neither the patients, who were outpatients at the University Hospital, nor the older adult normal subjects were paid a nominal fee for participating in the study. However, the university students were paid to volunteer their services. No subject was informed that he might receive special pay contingent on performance. Subjects were admitted to the study after completing a telephone questionnaire and an abbreviated neurological examination and medical history.
Three groups of subjects were selected as normal controls: a young adult control group consisting of the 40 university students, a matched control group for the parkinsonian patients consisting of the 10 spouses* of the parkinsonian patients, and a matched control group for the multiple sclerosis patients consisting of the 10 spouses* of the multiple sclerosis patients. The matched control groups were matched to the patient groups not only with respect to age but also to sex, education and socioeconomic background. The 10 parkinsonian patients and the 10 multiple sclerosis patients formed the remaining two groups used in this study.
The general experimental procedures were standardized. All subjects were instructed by the attending physician and the paramedical personnel to perform in all tests in the QENF as well as they could.
Age effects

RESULTS
Results of an analysis of variance among the three subject groups and a simple linear regression analysis with age as the independent variable for the 60 normal subjects are shown in Table 1 . There are few differences in results between the significance level of the Fvalue denoting differences among the three groups in the analysis of variance and the significance level of the t value denoting a slope different from zero in the regression analysis. Differences, where they exist, appear to be technical, i.e. the differences do not appear to have clinical significance.
The data were also analyzed with male and female subjects considered separately (not shown). The few differences found with the sexes considered separately and together appear to be technical. Trends for all tests were similar whether the sexes were considered separately or together. Since the experimental design and purpose for the study involves the discovery of differences between the three groups of normal subjects who span different age ranges, the results are described in terms of the analysis of variance and the Duncan New Multiple Range Test [lo] . The following general observations can be made:
Although the eldest subjects tend to have poorest vision, there are no significant differences in vision among the subject groups.
There are no significant differences among the groups in the strength tests. The middle aged normal subjects are stronger than the young adult normal subjects, but not significantly so.
In the sub-battery of steadiness tests, all tests performed in a supported position indicate that steadiness supported decreases with increasing age. However, all the tests performed in an unsupported position indicate that age has no effect on steadiness unsupported.
The speed tests for the hand and foot show no significant effects of age on performance. In the Foot Speed-N* test, the middle aged normal subjects did not perform as well as the older aged normal subjects, perhaps a technical difference.
Tests 
Per cent nornzal.function
The analysis of age effects indicates that performance on many tests in the QENF decreases with increasing age. As indicated earlier, the normalization technique that converts the performance of patients to a percentage of normal function should be used with caution since the normal function of subjects of various age groups differs. The present results can be reassessed by expressing the performance of the two older subject groups and the multiple sclerosis and parkinsonian patient groups as a percentage of the normal function of the young adult normal subjects (see Table 2 ).
For each QENF test each subject's performance was expressed as a percentage of normal function.
From this, the means and standard deviations for each group of' * denotes nondominant body side and N denotes dominant body side. subjects were obtained. Results are shown in Table 2 . Because performance by young adult male subjects can be significantly different on some tests from performance by young adult normal female subjects [3] , the percentage of normal function for each of the four groups shown in Table 2 was obtained separately for each sex on those tests and then combined.
From Table 2 , the following observations are made:
The performance of the 10 normals matched to the multiple sclerosis patients does not differ appreciably from that of young adult normal subjects. The performance of the 10 normals matched to the parkinsonian patients is less than that for the two younger normal subject groups on many tests.
The performance of the two patient groups is considerably less than that of any normal subject group.
Tests that have been shown to have significant effects of age on performance (Table 1) are reasonably evident from examination of Table 2.
Tests that have shown a high variability in performance for patients [3] also indicate a lower percentage of normal function.
The older normal subject groups and the patient groups make fewer errors than young adult normal subjects on tests that involve both speed and accuracy. Tables 3 and 4 show the performance of the multiple sclerosis and parkinsonian patients as a percentage of normal function based upon the normal groups which were specifically matched to the patient groups. The differences in percentage of matched normal function for multiple sclerosis patients between Tables 2 and 3 are small. Far greater differences, however, are easily observable for Parkinson's disease patients between Tables 2 and 4 .
Composite scores
The above results can be seen more easily from composite scores of a selected number of CQNE and SADLE tests (see Table 5 ). The performance of multiple sclerosis patients on both the CQNE and SADLE composites expressed as a percentage of normal function of young adult normal subjects or matched normal subjects differs by less than 2 per cent. However, the same analysis for the parkinsonian patients indicates a difference exceeding 10 per cent. Tables 2, 3 and 4 contain much data, making visual analysis difficult. Composite scores can be used to combine data or related tests to meaningfully reduce data for easier analysis. Figure 1 illustrates the method. The data from tests measuring the same primary category of neurological function have been combined and averaged for multiple sclerosis and parkinsonian patients from Tables 3 and 4, respectively. The categories affected by the disease can readily be determined for both the multiple sclerosis and parkinsonian patients. Compared to other data reduction methods reviewed by Potvin [3] , this method appears to provide more meaningful indices of neurological function.
DISCUSSION
The results of age on performance indicates that the middle aged subjects are stronger than the young subjects. Although the trend may result from differences other than age (such as socioeconomic differences), others have also reported a similar trend [11-131.
The differences in results found in the sub-battery of steadiness tests between tests performed in the supported and in the unsupported position are not in agreement with Albers in an earlier study [ 14, 151 . His sample included a group of 20 right-handed young adult normal subjects (mean age=22.4 yr, standard deviation=2.7 yr) and a group of 7 right-handed older adult normal subjects (mean age=56.7 yr, standard deviation =3.2 yr). With a larger sample group, Albers might have found significant differences.
From the results shown in Table 1 , it appears that only tests requiring fine skilled movements primarily with the dominant hand show significant deterioration of performance with increasing age. Examination of the tests in the SADLE reveals that performance on tests requiring two hands, such as Putting on a Shirt, Managing Three Visible Buttons, Putting on Gloves, Tying a Bow, Manipulating Safety Pins and Threading a Needle, is invariant with age. On the remaining SADLE tests requiring skilled movements primarily with the dominant hand, performance deteriorates significantly with increasing age.
The decrease in the number of errors committed in the coordination tasks as age increases is in agreement with Welford's results [16] . He found that older subjects, when given the opportunity to shift between speed and accuracy, tend toward increased accuracy. He implied a biological reason for this shift -as people age they become increasingly careful in their habits to avoid injury.
Comparisons of age results in the Neuro-Psychological Examination are confounded by the higher educational level achieved by the young adult normal subjects. The results obtained may nonetheless reflect differences that can be attributed to age.
Where age differences in performance are significant, the Duncan New Multiple Range Test indicates that the performance of the group of oldest subjects is significantly worse than for both younger groups. The two younger groups are found to be significantly different in their performance for only two tests, Digits Backward and Vibration Sense of Finger 2. As mentioned above, the younger group's superior performance in the Digits Backward test may be attributed to differences other than age among the populations sampled. The difference in the vibration sense test may be technical; the difference is not found for the more reliable [3] Vibration Sense of Finger I test. This general finding for the two younger groups indicates that performance in tests that span a broad range of human function does not change appreciably, at least up to the mid-forties, in agreement with the results of many other researchers (e.g. [% 161).
Differences in performance between the young adult normal group and the two older adult normal groups can conceivably be attributed to differences in motivation. The two older adult normal groups were family members of patients and might be motivated to perform at a higher level than the paid non-emotionally involved young adult control group. However, a second study performed with these same subject groups showed that this hypothesis is false: all subject groups are uniformly motivated u71.
When the performance of patients is expressed as a percentage of matched normal function, only slight differences are seen for the middle-aged multiple sclerosis patients when compared to the same performance expressed as a percentage of young adult normal function. For the elderly parkinsonian patients, however, the net result of using young adult normal controls (instead of matched controls) is to decrease the apparent function of the patients. In a therapeutic trial, this procedure could conceivably lead to erroneous conclusions, as discussed earlier.
SUMMARY
Forty young adult normal subjects, 10 Parkinson's disease patients and their 10 matched normal subjects, and 10 multiple sclerosis patients and their 10 matched normal subjects were evaluated in the Quantitative Examination of Neurological Function to determine age effects and the importance of selecting closely matched normal control groups for assessing the performance of patients. Where there are significant differences among the three normal subject groups, it is the oldest normal subject group that differs from the two younger subject groups. Significant decreases in performance with increasing age were found for the steadiness tests performed in the supported position, the sensation tests, two or five tests in the Neuro-Psychological Examination and tests requiring fine skilled movements primarily with the dominant hand. It was found that older subjects made fewer errors in coordinated tasks.
A normalization technique, expressing performance as a percentage of normal function, was introduced. A method was developed to provide quantitative and meaningful indices of neurological function. The measure is obtained by averaging the percentage of normal function scores over several tests that belong to a primary category of neurological function.
Young adult normal subjects do not perform significantly better than normal subjects in the age range of multiple sclerosis patients; however, young adult normal subjects do perform significantly better than normal subjects in the age range of Parkinson's disease patients, especially on tasks requiring fine skilled movements of the dominant hand and coordinated activities of the lower extremities. These results indicate that the performance of multiple sclerosis patients can be expressed as a percentage of the function of either age-matched normal controls or young adult normal controls. However, the performance of Parkinson's disease patients should be expressed only as a percentage of the function of age-matched normal controls.
